A longitudinal study of malaria vectors aiming to describe the intensity of transmission was carried out in five villages of Southern Venezuela between January 1999-April 2000. The man-biting, sporozoite and entomological inoculation rates (EIR) were calculated based on 121 all-night collections of anophelines landing on humans, CDC light traps and ultra violet up-draft traps. A total of 6,027 female mosquitoes representing seven species were collected. The most abundant species were Anopheles marajoara Galvão & Damasceno (56.7%) and Anopheles darlingi Root (33%), which together accounted for 89.7% of the total anophelines collected. The mean biting rate for An. marajoara was 1.27 (SD ± 0.81); it was 0.74 (SD ± 0.91) for An. darling and 0.11 (SD ± 0.10) for Anopheles neomaculipalpus Curry and the overall biting rate was 2.29 (SD ± 1.06). A total of 5,886 mosquitoes collected by all three methods were assayed by ELISA and 28 pools, equivalent to 28 mosquitoes, yielded positive results for Plasmodium spp. CS protein. An. neomaculipalpus had the highest sporozoite rate 0.84% (3/356), followed by An. darlingi 0.82% (16/1,948) and An. marajoara 0.27% (9/3,332). The overall sporozoite rate was 0.48% (28/5,886). The rates of infection by Plasmodium species in mosquitoes were 0.37% (22/5,886) for Plasmodium vivax (Grassi & Feletti) and 0.10% (6/5,886) for Plasmodium falciparum (Welch). The estimated overall EIR for An. darling was 2.21 infective bites/person/year, 1.25 for An. marajoara and 0.34 for An. neomaculipalpus. The overall EIR was four infective bites/ person/year. The biting rate, the sporozoite rate and the EIR are too low to be indicators of the efficacy of control campaigns in this area. . Especies de la fauna anofelina, su distribución y algunas consideraciones sobre su abundancia e infectividad en el Perú. Rev Peru Epidemiol 8: 5-23. Caraballo A, Rodríguez-Acosta A 1999. Chemotherapy of malaria and resistance to antimalarial drugs in Guayana area, Venezuela. Am J Trop Med Hyg 61: 120-124. Charlwood JD 1996. Biological variation in Anopheles darlingi Root. Mem Inst Oswaldo Cruz 91: 391-398. Conn JA, Wilkerson RC, Segura MNO, De Souza RTL, Schlichting CD, Wirtz RA, Povoa MM 2002. Emergence of a new neotropical malaria vector facilitated by human migration and changes in land use. Am J Trop Med Hyg 66: 18-22.
The main foci of malaria in Venezuela are located south of the Orinoco River, particularly in state of Bolívar, where 87% of cases are reported and the municipality of Sifontes consistently reports Annual Parasite Indexes of 160-260 per 1,000 population (MS 2000 (MS -2007 . The municipality of Sifontes has experienced tremendous ecological changes due to deforestation for mining, logging and urbanisation, with massive population movements from other parts of the country and abroad, which contributed to the increase in the reported number of malaria cases (INE 2001) .
Longitudinal studies conducted in this area during the past decade have characterised the anopheline larval habitats (Moreno et al. 2000) , species diversity (Moreno et al. 2002 , Moreno & Rubio-Palis 2003 , anopheline bionomics in relation to malaria transmission (Moreno et al. 2007 ) and vector incrimination (Moreno et al. 2005) . Moreno et al. (2005) found Anopheles (Nyssorhynchus) darlingi Root, Anopheles (Nyssorhynchus) marajoara Galvão & Damasceno and Anopheles (Anopheles) neomaculipalpus Curry that were positive for Plasmodium falciparum (Welch) and Plasmodium vivax (Grassi & Feletti) variants 210 and 247 circumsporozoite (CS) protein. The presence of multiple vector species contributes to the complexity of malaria transmission in this area, where both P. falciparum and P. vivax are transmitted.
The entomological inoculation rate (EIR) estimates the risk of contracting malaria in a particular area by expressing the number of infective bites a person may receive per unit time (MacDonald 1957) . It is the most important entomological parameter for assessing the level of malaria endemicity and the intensity of transmission in a given area (Rubio-Palis et al. 1992 , Burkot & Graves 1995 . The EIR is highly valuable for monitoring the suitability of vector control operations (Coosemans et al. 1992 ) and the risk of development of an epidemic (Onori & Grab 1980) . It is particularly relevant in areas with more than one species of vectors, such as the municipality of Sifontes, to estimate the contribution of each species to malaria transmission (Galardo et al. 2007 ).
This research presents for the first time the EIR and its two components, the man-biting rate and the sporozoite rate, in the municipality of Sifontes.
MATERIALS AND METHODS

Study site -
The study was conducted in five villages located in the municipality of Sifontes (06°00' 07°54'N, 60°44' 61°39'W), state of Bolívar, Southeastern Venezuela. The area and the villages have been previously described by Moreno et al. (2002 Moreno et al. ( , 2007 . Transmission occurs throughout the year; the annual parasite index (API) was 813 cases per 1,000 population. Depending on the locality, the API varied from 71.6-2,492 per 1,000 population, with P. vivax accounting for 78.6% of the cases, P. falciparum for 21.4% and less than 0.1% being mixed infections (Pv + Pf ). Cross-sectional surveys conducted during the study showed that the prevalence varied from 12.5-21.4 cases per 1,000 population. More cases were diagnosed in the under-15 age group than in any other group (Moreno et al. 2007 ). Vector control activities in this area includes house spraying with pyrethroids and space spraying with organophosphates in areas with active transmission, as well as selective treatment of larval habitats with Bacillus sphaericus.
Mosquito collections -Between January 1999-April 2000, mosquito catches were carried out monthly during three consecutive nights in seven selected houses in each of the five villages, using three different collection methods simultaneously (Moreno et al. 2002) . The first consisted of human landing catches from sunset to sunrise (18:30-06:30 h), indoors and outdoors, by a team of six catchers and one supervisor. Catchers worked in pairs for shifts of 4 h, with one catcher indoors and the other about 3 m from the house; they rotated each night between indoor and outdoor shifts. For the second method, three CDC light traps were placed in three houses and run for 12 h (18:00-06:00 h). Finally, three up-draft ultra-violet traps (John W. Hock Co, Gainesville, FL) were placed in three houses and run during the same period as the CDC light traps. Moreno et al. (2002) found that three traps were equivalent to one human landing catch for both types of traps.
The functioning of traps was checked three times per night. Every night, the catching method used in each of the seven selected houses was rotated. The following morning, mosquitoes were identified using the keys of Cova García and Sutil (1977) , Faran and Linthicum (1981) and Rubio-Palis (2000) , counted and kept dry over silica gel for identification of Plasmodium spp. CS protein by ELISA.
Man-biting rate -The number of mosquitoes caught per day per person was estimated for the three commonest species caught in each village, considering all catching methods (a human landing catch is equivalent to three light trap catches) (Moreno et al. 2002) .
ELISA procedure -The assays were performed at the Laboratorio de Ecología de Vectores, School of Malariology (now Instituto de Altos Estudios Dr. Arnoldo Gabaldon), Maracay. To reduce the probability of detection of Plasmodium spp. CS protein from other parts of the body (Rubio-Palis et al. 1992) , only heads and thoraces were tested by ELISA for the CS protein of P. falciparum and P. vivax (polymorphs 210 and 247), following the standard protocols described by Moreno et al. (2005) . Mosquitoes were tested in pools of less than 10 for each species, collection method and date, to ensure that the probability of detecting more than one infected mosquito per pool was less than 1% (Rubio-Palis et al. 1992 , Galardo et al. 2007 , Magris et al. 2007 .
Sporozoite rate and EIR -The number of CS-positive Plasmodium pools was equivalent to the number of CSpositive mosquitoes, so the sporozoite rate was estimated as the percentage of CS-positive mosquitoes divided by the total number of mosquitoes assayed. The annual EIR was estimated as the sporozoite rate multiplied by the man-biting rate, i.e., the mean number of female anopheline mosquitoes caught per night, multiplied by 365.
Data analysis -To estimate the biting, sporozoite and EIRs, the numbers of mosquitoes collected were pooled by species over all the villages, collection nights (n = 121) and trapping methods. To compare the observed differences in sporozoite rates between anopheline species, the confidence intervals were calculated according to the limits of expectations of binomial distributions (Drakeley et al. 2003) . The program StatXact ® (version 8: Cytel Inc 2007) was used for data analysis.
RESULTS
Anophelines abundance -A total of 6,027 female anopheline mosquitoes representing seven species were collected in all-night human landing catches (3,725), CDC light traps (1,349) and UV light traps (953). The most abundant species were An. marajoara (56.7%) and An. darlingi (33%). The other species collected were An. neomaculipalpus (n = 362), Anopheles braziliensis (n = 103), Anopheles triannulatus (n = 42), Anopheles oswaldoi (n = 12) and Anopheles apicimacula (n = 1). The number of mosquitoes collected in each locality by species and by catching method has been reported previously (Moreno et al. 2002 (Moreno et al. , 2007 .
Man-biting rate -The number of mosquitoes collected in each locality was very low or zero for some species so, to estimate the biting rate, the numbers of mosquitoes collected were summed for all villages by species. The mean biting rate for An. marajoara was 1.27 (SD ± 0.81); it was 0.74 (SD ± 0.91) for An. darlingi and 0.112 (SD ± 0.10) for An. neomaculipalpus (Table) . The overall biting rate was 2.29 (SD ± 1.06). In one year, a person might receive 463.6 bites from An. marajoara, 270 from An. darling and 41 from An. neomaculipalpus.
Sporozoite rate -A total of 5,886 mosquitoes, representing 684 pools, were assayed by ELISA (Table) . Twenty-eight pools were positive for Plasmodium spp. CS protein. An. darlingi and An. marajoara were positive for P. vivax variants 247 and 210 and P. falciparum, while An. neomaculipalpus was found to be positive for both P. vivax variants for the first time in Venezuela (Moreno et al. 2005 ). An. neomaculipalpus had the highest sporozoite rate, 0.84% (3/356), followed by An. darlingi with 0.82% (16/1,948) and An. marajoara with 0.27% (9/3,332). Nevertheless, there is an overlap of the 95% confidence intervals based on the binomial distribution for these rates in different species, i.e., the rates do not differ significantly. The overall sporozoite rate was 0.48% (28/5,886) (95% CI = 0.0032-0.0069). The rates of infection by Plasmodium species in mosquitoes were 0.37% (22/5,886) for P. vivax and 0.10% (6/5,886) for P. falciparum. In total, six mosquitoes (21.4%) were positive for P. falciparum while 22 (78.6%) were positive for P. vivax.
EIR -The number of infective bites a person might receive annually was 2.21 for An. darlingi, 1.25 for An. marajoara and 0.34 for An. neomaculipalpus. The overall EIR was four infective bites per person per year.
DISCUSSION
The confirmed principal vectors of malaria parasites in the municipality of Sifontes are An. darlingi and An. marajoara, while An. neomaculipalpus is considered a secondary vector (Moreno et al. 2005 ).
The sporozoite rates reported in the present study for An. darlingi, An. marajoara and An. neomaculipalpus were less than 1%. Similar results have been reported for An. darlingi in state of Amazonas (AM), Venezuela (Magris et al. 2007 ) and also provided information about the role of An. marajoara as an emerging malaria vector in the region.
In the municipality of Sifontes, the reported biting rate for An. darlingi (0.74 bites/person/night) is considered extremely low in comparison to other studies. Nevertheless, low biting densities (5-10 bites/person/ night) seem to be characteristic of An. darlingi throughout its range of distribution (Roberts et al. 1987 , Tadei et al. 1998 , Soares et al. 2003 , Brochero et al. 2005 , Vittor et al. 2006 ). There are reports in Venezuela of biting rates that varied from 5.8-1,265 An. darlingi bites/person/night in different geographical areas (Rubio-Palis 1995 , Magris et al. 2007 , Moreno et al. 2007 ). In Brazil, Tadei and Dutary-Thatcher (2000) reported biting rates that varied from 0.13-53, whereas Galardo et al. (2007) reported much higher rates in AP, varying between villages from 53.9-837.7. The highest biting rate reported for An. darlingi in the Americas was 1,443 per night in Loreto, Peru (Calderón et al. 1995 ). An. marajoara was the most abundant species in the study area although its man-biting rate was only 1.27 bites/person/night (Table) , which is lower than the biting rates (5.2-31.1) previously reported for this species in Western Venezuela (Rubio- Palis et al. 1992) and much lower than the rates (41.9-316.2) reported in Brazil (Galardo et al. 2007) . The overall biting rate in the study area is very low (2.29 bites/ person/night) (Table) . It is important to point out that the abundance of mosquitoes in a particular area depends on the complex interactions of several factors such as rainfall, the river's water level and the availability of suitable larval habitats, among others (Charlwood 1996 , Tadei et al. 1998 , Magris et al. 2007 , Moreno et al. 2007 ). The EIR is the product of the sporozoite rate and the biting rate (WHO 1975) and describes the intensity of transmission (Burkot & Graves 1995) . The estimated EIR was 4.02 infective bites/person/year, i.e., a person in the study area might get one infective bite every three months. An. darlingi showed a higher EIR in the study area, with only 2.21 infective bites/person/year. Other studies in Venezuela have shown a much higher EIR. In fact, for the principal malaria vector in Western Venezuela, Anopheles nuneztovari, an EIR of 10.5 infective bites/person/year was reported (Rubio-Palis et al. 1992) whereas in the Upper Orinoco River, Magris et al. (2007) reported 129 infective bites/person/year for An. darlingi.
There are few studies in the Americas that have estimated the EIR of malaria-infected mosquitoes. Moreover, those studies were conducted mostly in the Brazilian Amazon and French Guyana; Soares Gil et al. (2003) reported an EIR of 10 infective bites/person/year for An. darlingi in RO, while in urban areas of Boa Vista, Silva-Vasconcelos et al. (2002) reported that the highest EIR was in An. albitarsis s.l. (6.9 infective bites/person/ year) and An. darlingi only accounted for 1.65 positive bites/person/year. In the Upper Maroni area of French Guyana, the EIR for An. darlingi varied from 14.4-27.4 (Girod et al. 2008) . Contrasting results were reported by Galardo et al. (2007) in three villages of AP, where the principal vectors are An. darlingi and An. marajoara and EIRs of over one infective bite/person/night were reported. These EIRs are the highest reported for the Americas and similar to those for Anopheles gambiae and Anopheles funestus in Africa (Hay et al. 2000) . It is important to point out that the sporozoite rates reported by Galardo et al. (2007) for An. darlingi and An. marajoara are similar to the rates reported in the present study in the municipality of Sifontes. Nevertheless, the much higher EIRs reported in AP by Galardo et al. (2007) are due to the high densities of biting mosquitoes.
The present study confirms previous studies in which An. darlingi was concluded to be the most efficient vector of malaria parasites in the Neotropical region, even at very low abundance (Rubio-Palis & Zimmerman 1997 , Lounibos & Conn 2000 , Póvoa et al. 2006 .
The EIR reported here is in contrast to the high API (813 malaria cases x 1,000 population) and high prevalence of asymptomatic infections (27.6%) observed during the study (Moreno et al. 2007) . We have calculated a minimum estimate of the transmission efficiency of P. vivax and P. falciparum by dividing 0.813 cases per person per year by 4.02 infective bites/person/year; this suggests that 20.2% of bites from Plasmodium CS protein-positive mosquitoes result in infection in the munic-ipality of Sifontes. This efficiency is much higher than that estimated for P. vivax in Western Venezuela, where only 0.32% of infective bites infected a person (Rubio-Palis et al. 1992 ). On the other hand, the high incidence reported for the study area might also be due to failure to complete treatment and/or multiple drug resistance (Caraballo & Rodríguez-Acosta 1999 , Aché et al. 2002 .
At present, the vector control program is based on indoors house spraying with pyrethroids, space spraying with organophosphate and larviciding with B. sphaericus in selected areas (MS 2008) . The biting rate, sporozoite rate and EIR are so low that these parameters would not be a practical indicator of the efficacy of control campaigns in this area. The control of malaria in the municipality of Sifontes is complex due to its highly mobile population (Aché et al. 2002 , Moreno et al. 2007 , the circulation of P. falciparum strains with multidrug resistance (Caraballo & Rodríguez-Acosta 1999 , Aché et al. 2002 , houses with incomplete or no walls in miners' camps and Amerindian villages and the outdoor biting and resting behavior of the principal vectors (Moreno et al. 2007) . New approaches should be developed that take into consideration legislation on illegal mining, education, community participation and rapid diagnosis and effective treatment where monitoring of drug resistance is essential.
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